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1. Longitudinal beams were laid
horizontally as often as possible in
order to lessen the knuckle angle of
beams at the block joint, because an
increased knuckle angle enlarges the
bending moment. The knuckle angle
had to be less than 8 degrees.

2. The fitting angle of a longitudinal
beam to the shell plate had to be larger
than 70 degrees and smaller than 110
degrees.

3. Longitudinal beams with curvature in
only a single plane were used as often
as possible. Where a twisted curvature
could not be avoided, the beams were
shaped through line heating.

The latest VLCC has 950 curved
longitudinal beams in the whole ship. The
number of single plane curvature beams by the
modified layout design was about 490. By
applying the advanced layout design to the
remaining curved beams, about 220 beams of
complicated curvature were eliminated and
replaced with beams of single plane curvature.
As a result of this improvement, only 244 beams
of twisted curvature remained (Figure 12).

EXPECTED EFFECTS OF THE ADVANCED
LAYOUT DESIGN

In addition to the expected man-hour saving
in the bending work of longitudinal beams at the
bending shop, there are other effects of the
advanced layout design.

Accuracy in fabrication of the longitudinal
beams is improved because increased quality of
single plane curvature beams contributes to
fabrication of beams by a bending machine
without heating.

At the assembly stage, the installation of
longitudinal beams, which have neither out of
plane nor twisted curvatures, saves fitting work
of beams to a shell plate, and improves
dimensional accuracy of the assembled curved
block (Figure 13).

Then, at the erection stage, accurately
fabricated joints of the block butts make the
connection work easier, and man-hour is saved
(Figure 14).

CONCLUSION

In today’s labor market, where numbers of
skilled workers in shipbuilding are decreasing,
mechanization of production processes contributes
to improved productivity. In this respect it is
important to attempt approaches based on the
production-oriented design concept. A simplified
hull structure facilitates production work, and
encourages mechanization of production
equipment in a shipyard.

Such approaches, based on the production-
oriented design concept, require the efforts of
shipyard management in cooperation with
production engineering, design and computer
system departments.

1-7



Additional copies of this report can be obtained from the
National Shipbuilding Research and Documentation Center:

http://www.nsnet.com/docctr/

Documentation Center
The University of Michigan
Transportation Research Institute
Marine Systems Division
2901 Baxter Road
Ann Arbor, MI  48109-2150

Phone: 734-763-2465
Fax: 734-763-4862
E-mail: Doc.Center@umich.edu


